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One promising avenue for the invention of new quantum algorithms is to focus on those that mimic physical processes. Our aim in this 
project is to identify physical quantum processes that can be reformulated to serve as quantum algorithms, with a particular focus on 
problems that are of intermediate difficulty in classical computation, including graph isomorphism, which is the problem of determining 
whether two graphs are related by a relabeling of the vertices.  These problems are likely to be in the same class of problem difficulty as 
factoring, which has proven to be amenable to attack by quantum computers.  In this project we are investigating how the dynamical 
evolutions of different systems of interacting and noninteracting quantum particles can be exploited to attack the graph isomorphism 
problem.  We have shown that seemingly minor changes in the algorithm can significantly affect its effectiveness in distinguishing 
nonisomorphic graphs, and we have also identified some restrictions on the power of the method when the number of particles in the walk is 
much less than the number of vertices.
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Scientific Progress

Statement of problem studied:
Our aim in this project is to identify physical quantum processes that can be reformulated to serve as quantum algorithms, with 
a particular focus on problems that are of intermediate difficulty in classical computation, including graph isomorphism, the 
shortest lattice vector problem, and the matroid parity problem.  These problems are likely to be in the same class of problem 
difficulty as factoring, which has proven to be amenable to attack by quantum computers.  We investigated how the dynamical 
evolutions of different systems of interacting and noninteracting quantum particles can be exploited to attack the graph 
isomorphism problem, in which one is trying to distinguish graphs that are very similar but not precisely equivalent.  We have 
shown that seemingly minor changes in the algorithm can significantly affect its effectiveness in distinguishing nonisomorphic 
graphs, and we have also identified some restrictions on the power of the method when the number of particles in the walk is 
much less than the number of vertices.  We also studied the properties of directed graphs, where the links have prescribed 
directionality, to investigate whether a quantum adiabatic algorithm can be used to compute efficiently the “google vector” of the 
associated network.

Summary of most important results:
The main thrust of the work was an investigation of the ability of systems of both interacting and noninteracting Bosons to 
distinguish nonisomorphic graphs.  
1) We showed that quantum walks of two hard-core Bosons can distinguish all pairs of nonisomorphic strongly regular graphs 
tested (we tested graph pairs with up to 64 vertices) [1].
2) We showed that quantum walks of three or more noninteracting Bosons could distinguish some but not all pairs of strongly 
regular graphs, and investigated in detail the mechanisms by which noninteracting quantum particles could distinguish graphs 
that classical particles could not [2].  
3) We investigated in detail differences between different formulations of quantum walks in discrete and continuous time [3].  
While we believe that the asymptotic performance of discrete- and continuous-time walks will be the same, there are graph 
pairs for which discrete-time walks can distinguish walks that continuous-time walks cannot.  This phenomenon is important to 
understand, because numerical investigations always use a finite number of graph pairs.  We identified the features of discrete-
time walks that lead to these differences.
4) Google computes the eigenvector of the largest eigenvalue of the “Google matrix” and uses it in its algorithm for generating 
search results.  Garnerone et al. [4] present evidence that this eigenvector can be calculated efficiently on an adiabatic quantum 
computer on Google matrices that encode the connectivity of graphs that have power-law degree distributions.  We investigated 
the “Google matrices” of a broad variety of graphs with the power-law degree distributions typical of the internet and found that 
the method used to construct the graph affects how the eigenvalue gap that governs the speed of the quantum algorithm varies 
with graph size [5].  This result means that more understanding of the connectivity of the internet is needed to know how the 
adiabatic quantum algorithm will scale with matrix size.
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